, D c = 1.350 Mg m -3, F(000) = 380, 2(Cu Ka) = 1.5418/~, /t = 0.836 mm -~. 3542 reflections were measured, of which 2149 had significant intensity. The structure refined to an R of 0.063 after having been solved by reciprocal-space search methods. The molecular geometry reflects the 3,9-diamino substitution of the planar acridine ring, in terms of bond distances. The crystal structure is extensively hydrogen-bonded with interactions involving anions, acridine substituents and water molecules.
Introduction
The interactions of acridines with nucleic acids (Neidle, 1979) are generally acknowledged to be, at least in part, responsible for their biological activities. The intercalation hypothesis (Lerman, 1961) suggests that the planar aromatic ring system of the acridines becomes inserted (intercalated) between adjacent base pairs of a double-stranded nucleic acid. Furthermore, additional stabilization may be mediated through electrostatic/hydrogen bonds between the nucleic acid phosphate groups and suitably placed hydrogen-bond donor groups attached to the acridine skeleton. This has been demonstrated in the case of 3,6-diaminoacridine (proftavine) by crystallographic analyses of its ribodinucleoside phosphate complexes (Neidle et al., 1977; Berman et al., 1979; Reddy, Seshadri, Sakore & Sobell, 1979) . This paper reports the first stage in a systematic examination of the DNA-binding properties of acridines with amino substitution at other than the 3,6 positions. Many such amino-acridines have been prepared (Albert, 1966) ; however, their DNA-binding * Part V: . 0567-7408/82/092420-05501.00 and related biological properties (particularly mutagenesis) have not been extensively studied.
The title compound, which has a 3,7-diamino substitution pattern, has found extensive use as an antibacterial agent (Albert, 1966) . It is clinically administered, and normally available as the relatively soluble lactate salt.
Experimental
Rivanol (Aldrich) was recrystallized from ethanol as prismatic needles. X-ray photographs indicated triclinic symmetry, which was confirmed by a diffractometric analysis. Accurate cell dimensions were obtained from measurements of 25 0 values on an Enraf-Nonius CAD-4 diffractometer. Space group Pi was confirmed by the structure analysis. Data were collected on the diffractometer with 09--20 scans and graphite-monochromated Cu Ktz radiation (1.5 < 0 < 70.0°). 3542 reflections were measured, 2149 of which had significant intensity [I > 2.5a(I)]. There was no crystal decomposition during data collection.
Applications of various direct-methods procedures in attempts to solve the crystal structure were unsuccessful in both space groups P1 and Pi. In the centrosymmetric case, the phase sets examined produced images of the acridine ring system. However, none of these produced the rest of the structure in subsequent Fourier syntheses, and clearly had the acridine group incorrectly positioned in the unit cell.
The structure was eventually solved by reciprocalspace search techniques (Tollin & Cochran, 1964) . Since it was initially unclear which of the two possible space groups was correct, P1 was assumed, thus necessitating the location of two planar acridine groups in the asymmetric unit. An I(0,¢) search produced a single strong maximum, indicating that the two acridine rings had at least partially identical orientational parameters, and unequivocally gave the orientation of the disc within which the planar groups must lie. A subsequent one-dimensional rotation-function search utilizing the I(0,~o) results fully determined the orientation of the molecular plane. This was independently confirmed by a three-dimensional rotation-function (9) 2539 (4) 4367 (3) 6085 (2) 3.45 (9) N (10) 2743 (4) 5346 (2) 3074 (2) 3.45 (9) N (15) 4205 (4) 828 (3) 1199 (2) 4.6 (1) C (1) 3383 (4) 2301 (3) 4114 (3) 3.1 (1) C (2) 3763 (4) 1384 (3) 3163 (3) 3.4 (1) C (3) 3781 (4) 1757 (3) 2138 (3) 3.0 (1) C (4) 3429 (4) 3084 (3) 2121 (3) 3.4 (1) C (5) 2033 (4) 7659 (3) 3899 (3) 3.6 (1) C (6) 1624 (4) 8650 (3) 4800 (3) 3.7 (1) C (7) 1502 (4) 8363 (3) 5828 (3) 3.2 (1) C (8) 1763 (4) 7073 (3) 5942 (3) 2.9 (1) C (9) 2565 (4) 4659 (3) 5107 (2) 2.7 (1) C (I 1) 3049 (4) 4035 (3) 3112 (3) 2.9 (1) C (12) 2968 (4) 3664 (3) 4121 (3) 2.7 (1) C (13) 2209 (4) 6029 (3) 5029 (2) 2.5 (1) C (14) 2326 (4) 6329 (3) 4001 (3) 2.9 (1) C (72) 597 (5) 10641 (4) 8554 (3) 4.7 (2) C (71) 1003 (4) 9276 (3) 7785 (3) 3.6 (1) C (1L) 3547 (5) 6855 (4) 520 ( (2) 402 (4) 44 (3) 318 (2) 3.0 (7) 0.99 (2) H (4) 342 (4) 340 (3) 141 (3) 4-6 (3) 1.02 (2) H (5) 217 (4) 785 (3) 319 (2) 3-7 (7) 0.97 (2) H (6) 154 (4) 956 (3) 475 (3) 5.0 (9) 0-93 (2) H (711) 7 (4) 837 (3) 759 (3) 4.5 (8) 1.05 (2) H (712) 218 (4) 902 (3) 817 (2) 3.7 (8) 1.03 (2) H (721) -50 (5) 1075 (4) 804 (3) 7.3 (11) 0.99 (3) H (722) 155 (5) 1146 (4) 881 (3) 6.9 (l l) 0.99 (3) H (723) 59 (5) 1049 (4) 936 (3) 6.7 (10) 1.05 (3) H (8) 178 (3) 687 (3) 664 (2) 3.0 (7) 0.94 (2) n (91) 284 (4) search. Since in space group P1 the cell origin is arbitrarily fixed, the arbitrary coordinates of one correctly oriented acridine ring were utilized for a structure-factor calculation. Resulting Fourier and difference Fourier syntheses revealed the position of the second acridine skeleton, together with substituent atoms on both molecules. Water and anion atoms were not located. A check on the symmetry relationship between individual 'equivalent' atoms of the two molecules showed that they were actually related by a centre of symmetry. Accordingly, the space group was changed to P1; a subsequent Fourier map then revealed the complete structure, which was refined by full-matrix least-squares methods. H-atom positions were found in a AF map, and all except those for the water molecule were included in the refinement. A problem concerning the inability to locate all the H atoms in the lactate ion was encountered; accordingly, the positions of some were calculated using standard geometry, and were not refined.
Refinement converged to R = 0.063 and R w = 0.077, with weights w = 1/[oZ(F) + 0.03(F)2]. Tables   1 and 2 list atomic parameters.* All calculations were performed on a PDPll/34A computer, using the Nonius SDP package, and other programs written in our laboratory.
Results and discussion

Molecular structure
The molecular structure of rivanol is shown in Fig. 1 , and Tables 3 and 4 
O(IL)--C(IL)--O(2L) 124.5 (3) C(1L)-C(2L)-O(3L) 109.5 (2) O(IL)-C(IL)-C(2L) 117.S (2) C(1L)-C(2L)-C(aL) 117.3 (3) N(2L)-C(1L)-C(2L) 117;5 (2) O(3L)-C(2L)-C(3L) 111.8 (3)
position, viz the antitumour agent m-AMSA [4'-(9-acridinylamino)-3'-methoxymethanesulphonanilide] (Karle, Cysyk & Karle, 1980) , and the antimalarial compound quinacrine (6-chloro-9-{[4-(diethylamino)-1-methylbutyl]amino }-2-methoxyacridine) (Courseille, Busetta & Hospital, 1973) . Amino substitution is also common at the 3 and 6 positions; 3,6-diaminoacridine (proflavine) has been analysed crystallographically as the free base (Achari & Neidle, 1976) , as the N(10)-protonated salt (Jones & Neidle, 1975) , and as the N(10),N(15)-diprotonated salt (Obendorf, Carrell & Glusker, 1974) . To date, no acridine structures with 3,9-diamino substitution have been reported. The analysis has shown clearly that rivanol is protonated at the central N(10) atom, rather than on the terminal amino groups. Bond lengths in rivanol show numerous significant differences from the analogous ones in proflavine hemisulphate (Jones & Neidle, 1975) . Thus, bond C(9)-C(12) is 1.429 (3) and C(9)-C(13) is 1.449 (3)A, whereas in proflavine hemisulphate these bonds are 1.386 (11) and 1.389 (IDA respectively. Bond lengths around C(9) similar to those for rivanol have been found in other N(9)-substituted acridines such as m-AMSA [ 1. 433 (6) and 1.440 (6)A] (Karle et al., 1980) and 9-aminoacridine [1.434 (3) and 1.439 (2)AI (Talacki, Carrell & Glusker, 1974) . The asymmetry introduced by the ethoxy substituent at C(7) and the amino substituent at C(3) has introduced small, though significant, structural differences between the two benzenoid rings of the acridine nucleus. Bonds C(2)-C(3) and C(6)-C(7) differ by 0.020 (7)A, and C(3)-C(4) and C(5)-C(6) by 0.024 (3)A. The overall pattern of acridine asymmetry is less than that observed in 6,9-dichloro-2-methoxyacridine (Neidle, 1982) . The acridine ring system in rivanol is almost exactly planar (Table 5) , whereas in 6,9-dichloro-2-methoxyacridine deviations from planarity are more marked. The anionic species in this structure initially posed a problem. Rivanol is normally prepared (Albert, 1966) as the lactate salt, and therefore the anion here was presumed to be this. The connectivity of C and O atoms supports such an assignment. However, in spite of numerous attempts, it was not possible to locate an H atom on C(2L), or the third methyl H on C(3L). This, together with the abnormally short C (2L)-C (3 L) distance of 1.402 (4) A, suggested that this bond is not an sp3-sp 3 single one, but is close to a double bond. It is nonetheless difficult to reconcile this hypothesis with the lack of coplanarity of the various substituent atoms around C(2L) and C(3L). Accordingly, a proton NMR spectrum of the compound was obtained, which unequivocally showed that C(2L) does have an H atom attached to it, and C(3L) has three H atoms. The anion is thus a lactate, and the abnormally short bond distance for C(2L)-C(3L) is possibly a result of the very high U~ values for these two atoms (0.204 and 0.215 A 2 respectively). 
Crystal structure
The structure is extensively hydrogen-bonded (Figs.  2 and 3 ). All the relevant groups on the acridine ring utilize their maximum hydrogen-bonding potential. N(9) and N(15) are each involved in two hydrogen bonds (Table 6) , and the protonated cationic N(10) interacts with O(2L) of the lactate anion. More surprisingly, there is a hydrogen bond between the water molecule and the ether 0(7), which although relatively long for such an O...O interaction does have an acceptable angle about the proton.
The role of the anion is of prime importance in determining the arrangement in this crystal structure. It is involved in five intermolecular hydrogen bonds, with The average e.s.d, for distances is 0.004 A, and for angles 2 °. the hydroxyl O(3L) acting as both donor and acceptor.
[In the former case this is in an intramolecular hydrogen bond with the carboxylic acid O(1L).] Overall, the anion and the water molecule serve to sandwich together the flat sheets of planar acridine molecules, with networks of hydrogen-bonded molecules extending in three dimensions. Pairs of centrosymmetrically related acridine molecules are ~3.4 ,/~ apart. The stacking (as judged by molecular overlap) is small, and is very similar in mutual orientation to that found in 9-aminoacridine (Talacki et al., 1974) .
